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Melittin-induced intermittent membrane leakage

observed with fluorescence techniques

Student: Yi-Lin Cheng Advisor: Dr. lan Liau
Department of Applied Chemistry

National Chiao-Tung University

ABSTRACT

Melittin, a small hemolytic peptide, is the major component of the venom of the
Europan honey bed\pis mellifera. Melittin possesses also antimicrobial ability and this
can also be regarded as an antimicrobial peptide. Earlier work shows that melittin can
cause membrane thinning and form pores on membranes; the latter can lead to leakage of
intracellular fluid causing cell death. Although there have been extensive studies on the
pore forming mechanism of melittin, details of this process remains illusive especially as
the concentration of melittin is comparable or below the threshold concentration of pore
formation. To address this issue, we have developed a novel mean, based on confocal
detection of fluorescence leakage of single vesicles, to investigate interaction between
peptides and lipid membranes in real-time. Significantly, we observed occasional
occurrence of spikes of comparable intensities, an observation that resembles
single-molecules behavior. We carried out single-molecule analysis on rise-height,
rise-time, and rise-interval of the time trace of those fluorescence spikes, and the
preliminary results show that that the rise-height can be approximated as multiples of a
unit number, and the rise-interval decreases as the concentration of melittin increases,
while the rise-time remains constant. On the other hand, time-lapse confocal images do
not exhibit spatial heterogeneity in the intensity distribution. We proposed three plausible

models to account for these observations. We have also carried out fluidity measurements



using fluorescence correlation spectroscopy (FCS), and found that the treatment of
melittin on membranes caused a significant decrease on membrane fluidity, and the
change of fluidity exhibits dosage-dependence, but becomes insignificant as the
concentration of melittin exceeds some value. The results can be accounted with the
formation of domains resulted from electrostatic interaction between adsorbed melittins

and lipids.
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FHE o H RN Y kML - el o S F R R FF 500 /
646 > ¥k & (LP02-488RU-25, Semrock, U.S.A%—i wom g A WERE-OT
Bk s g1k BT ARR % 48 (band-pass filter, D545/90m, Chroma, U.S. A9 % i &
500 nm 3] 590 nm e k£ o g B F ke EEL 30 2 A S ER LD FL &
BT kg b (3452 % 50 pm o N.A.=0.225 i@ (Tt £ & 400-700 nm) » & {4
d kT 2#F (photomultiplier tube, H8249-001, Hamamatsu, Japgrd- ¥ £ - 3
TR 4oL AR L (signal-to-noise ratio) A i gk P de b e sk B R ETE
(optical chopper, SR540, Stanford Research System, U.SA 4p 2~ % (lock-in
amplifier, SR850, SRS, US.Ajz & » @ £ B H# ¢ ﬁi%l Mg BAMFL g L B
WS BT F %Y s+ (data acquisition board, PCI-6221, National

13



Instruments, U.S.A.) » ¢ k#4255 Labview (National Instruments, U.S. A% 4 -
YRIFEELTHA S Ay LB  RT R PR E L T HApt Ben
TREF B DT > LREFIRLSEAT D FHFFL 13 PW s &

BHF P F B (gain) 5 0.83; 4idpikx BehF AR (sensitivity) i 0.5
V-~ B (time constant) 5 100 ms&/g % (filter) % 24 dB/oct Labview 4%

Uz gk pixel time 32 150 mse bk AeY T Bt s 2 g B AR a1k Ao )
2-2 -

A A MEL Y PR E - 2 F % (U-LH-100L3, Olympus, Japan}iz %
AT el R R B R R T o SRR T gt B KL T AR
%k 4 (long-pass filter, FGL780S, Thorlabs, U.S.AZE 4 £ 780 nm 12 F ek id i
427 FF735-Di0l- 3£ 7 f=48 £ ~ i* (charge-coupled device, Wat-902B, Watec,

Japan) m 2 = R ARLF B2 if > 8w it R i (7 I BB o

14



ML < %
LF [

Condenser =——
Reference in

o) ocC
3 o SP
Obj_%_ % ND
:0: Eﬂl O:I:Cyan laser
488 nm !
N L it

DM LF BF

Bl 221 pirefar RE YLK AEXF-
ND: neutral density filter; OC: optical chopper; SP:tgpdilter; DM: dichroic mirror;

Obj: water immersion objective; ML: mercury lamp; LF: long-pass filter; BF:

band-pass filter.
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1.24— FF500/646-Di01 —— 488 nm laser
{— CF Absorption CF Emission

1.0-
ey ey

0.8-
0.6-

0.4

Transmission

0.2- \ ‘ }

0.0- Y — .

400 450 500 550 600 650 700 750 800
Wavelength / nm

W 22 B EYRMBEMRE (VP T LR B RaEEkiE.
2 ANk b d S fod st B 5 492 nmer 517 nme § ¢ B 5 MR E
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2-12 X B E Y BG4

“/f TR TR PEFE A AL fl* FV300 # ROE R ACE R
(confocd microscope, Olympus, Japam) (F 3| ¥ # > @ * cnkm i g 4+ 3
&+ (argon ion laser, 488 nm, CVI Melles Griot, U.S:Agfe 60X = k% &£ F &
FFE RS o RFEE RS ER &L E (confocal aperture)]:f i Bl E (R3896,
Hamanatsu, Japam) ## P& 3 53 & 5 100uW » £ £ B2 /& 5 60um - e
= ¢ & (DM570, Olympus, Japan¥ £ 4 7 £ /g * (BAS510IF, Olympus, Japan)
feB~ & 510 nm | 570 nm s ko Frdy 0B ke B 23.5umx23.5um (256

pixelsx256 pixelsy ¥ %&#FH PR 52 1.65s @ f#Hp @ FiE: 0.5se
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2-1-3 % K Ap B L3k kAL

Foobo N B TR - EY AR Rk S 4o@] 2-30 BRI F sErk
BT {8 chim e R B M Y o % ALeZE R B it e H BEF SRRk SLEE Y
fi4e™ o gk E 5 632.8 nmhg % 7 4+ (1137P, JDS Uniphase, U.S. A %
FE KR G- B BMRABERITH S B ¥ kd - 4 48 FF500/ 6465
BHE N B2 N R E RS R Ee ¥ ki u Rk TS 4 0 XS LR
30 oA mEERED R B RERAPAY & ks (5050 beam
splitter, EBS1, Thorlabs, U.S. A¥-# s T 324 & & i BT » 4+ B 5 A% %
& (HQ 680/60m, Chroma, U S AR &tk &% K o A fprdbs & 443054 ©2% 5 50
pm o ot B JRIE ¥ kA F Ppacen il B84 (focal volume)e B (S d £
k% - #&¢ (avalanched photodiode, SPCM-AQR-15-FC, PerkinElmer,A))Sic
Py ke DMk P Z R § M E] ek B A T 3 R R X PR Ap
H k38 ®E (Flex02-01D, Correlator, US. A} 5 ¥ k2 F chjphd o 4 - ¥
b Ay I - R EHEH T S (Scanning stageflin e i B edp BE o
AffFd o M AP TE S A AR AR NEE LE R 2-4 -

FhApM ke T HSERD 0 FAEF kLB (optimization) & & 1 o

Faop| B e B LR 7&] g3 Ak o

(1) % c4pnf k¥ Hpeenig it (optimize) ¥2 & sfe

Bk ﬁiu&xt HREARY > Uk (TS w5 e o NP ;tﬂ’# Bk AR K
faoh el B (TR R R 0 AR RRY OREL Taita B RFE 0 S
£3tpl 8RR M F L) 03 1 3k (correction ring) 134k %% ¢ gk o IR e ok
FOBE R ks BEBLE mit (/) 3 1/6-1/3%

AR P A RO R R 2 AR M S F R AR A E R SR E

18



BEEfh (/7)) &a 5 R Egemd it (1) & R (focal volume) i
AR ST g R 5 K Rl 2 WA HRIE e R (2
ZRFZEY) HE D Aok gl ik o
E e S 13 pW e 1 nM Alexa633-kia ik (3 5 PBS ¥ #F5 %)
Th sl o HAc s 1.35x100 m%st ¥, wiE p 4p b S (autocorrelation
-1 2
. _ 1 Z— rO Z— e 55 %, Le 2 -_—
function) G(7) = —| 1+— 1H 2| — +1 LB NFE ke rz=
N diff ZO

0.21> T4ir = 8.77x10P s> £ 4% B 558 T :% F 48 ro = 218 nr Alexa633 7

AR S B B & & % oW 2-5 fF o
(2) R &chy Sk dp B k3%

o e WL AT R B R 0 F B e WO B 1 o e
W s wre R R 2 O RIAR AL ML A A AR RN T A S

HoenEd o AP - Gend kg N G(7) = ( ] +1 # & T3 LR L
dlff

F AR N RACEE R 0 2 d m e o BT e ORI A At h D

I .
ro=218nm> £ 1% # & FH4ch %5 rdm=4—‘;3 FOUE A AR A T i F Bk e
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P AR
b4 v

Ob) ﬁ% sp
ND
DM ‘ 5 =1 { = 10:|: He-Ne laser 633 nm

BF ==

-E_/—m—— correlator

W 2-3 p fFimseny kip bk 5 SR E -
ND: neutral density filter; SP: spatial filter; DM: dichcoimirror; Obj: water

immersion objective; BF: band-pass filter.
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1.4

| —— FF500/646-Di01 HQ680/60m
1.24 —— DIiD Absorption = —— DIiD Emission
1 —— 633 nm laser

1.04
0.8+

0.6

Transmission

0.4-

0.2- j

0.0-

550 600 650 700 750
Wavelength / nm

W) 24 FRARM LT L2 G SRR~ Bl ¥R AL
K AL DID el % fcd kA B S 648 nm & 670 nme ¢ .5

RE By X P -
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Residual

°k . Datapoint
5 Te Htting curve

G (1)

Delaytime/s

B 2-5Alexab33 ¢hp Ao Sl 5 L B 5 o

1% 1 nM Alexa633: PBS -k 3% (%4 sofa it » H ydc B8 s 1.35x100 més?

3, =i p 4p B S8 (autocorrelation function)

-1 ) %
G(7) = %(HL] {1»{% L} 1B B @ ke r/z= 021 Tyn

Tdiff Z0 Z-diff
2
0

=8.77x10 s> £ SUICE " R =% F7 rp=218 nme
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2-2 &AW E

A g 4 22 (electroformation)® (T F % 97 0y TR o & 2 G
ARG E - WAy b s 2B enigeh > p 1986 & Angelova # ) 2 (8
S, gl itk sl g7 FAE (giant unilamellar vesicles, GUVs £.4 5 i
07 o PP 0 A Al & A & 10-30pum e R o BB AR AT
Tl B 2-6%& T -

#iE g 20°C 0 5 mM POPCH i ik w i %
(AR & 7"/ =9:1)
!
#- ITO (Indium Tin Oxide) gt 3 * ? fR¥sdfic® - # Fh icls - T 0 * &k
B REE TR
!

Ault ITO B ET 6 1+ iF 20Ul 7 Finie > #2395 A% fgh 3

l
(O)* § F #¥pB B ARz BFPEZFE L P ERALIBH=
L3
l

B— B¢ %225 20 mm % * (chamber, 664113, Grace Bio-Labs, U.S.Ab)
AR P ET R ORI R TR RR Y F S S W R e
!

BEP P 300Ul 7 02M FERAR CREFT - PRBUET s 0T D

—a;\

g

4

l

#4252 4 B (function generator, SFG-2104, Instek, U.S.,@@ﬁie%] EE AR E =3
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E T Sl KU
!
BEx A, 4 4 B > 11 10 Hz~ 3V(peak-to-peak) sin wave~ 2 h chif it id 7
!
MBFAGAL B BrR gl ok P ORI R IR MR e A

* o

AR MR AR Y Pk &0 R A o Mg R TR DID - RIS 2
1% i 24 02 0 5 mM POPC# 10 nM DID w i {5 » 4 5| B4 40uL 2 80

ML R E353 > REBEG & ITO 7 1 BFIGHF(O)R T IRy AR o
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ERBETH L F R Pl EEE N 02M UET R PSS E
B R AR 2TH ¥ E Rk R

By PR IASLAL E
1210 Hz ~ 3V(peak-to-
peak) ~ sinwave ~ 2 h
R

W 26 " FHEg -
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2-3 R ERFHME I FEAKRI PNORESAFEE
iRl

HEK S > A% 9 G &Y gl (cover glass, 22x50 mm, thickness
#1.5, 72204-04Electron Microscopy Science, U.S. A4z » B P 8 & 5
9 mm % # (chamber, 664112, Grace Bio-Labs, U.S.AHL 7 p ¥ 3£ £ # 5
6O UL > FI5 & TR RS 2 F R R > T AR BESMTE TR
AL FREE RS A M FRR o0 R TR AW TR A
7 0.2M FF M-kt it d ek A £ % 0.1 M NaCl -k
B BT 0 g TR Ch e R B 3T P T § P ARITTE RPN A

Pl B BBRTI T A SR s o

23 1 ‘?&EE% < lffu.‘;’i’-,—\,%z\ ;4 ’Eifg\/, _,:/b

BN kY o d 0K r ek R A B 5 OuM (3541 %2)~0.02uM ~0.05

UM ~ 0.1 UM ~ 0.2uM ~ 0.5UM = 538 & # Brde™ © B~ 10uL 7 F 8% % 24
BN oA rPEEER S AFRE LRI REFABERLE UM B M
IRMES X EE S AAFNRTHLES TE S ISR ERBEE e ik F
VRS R o ERBIRE RN AR A F A KE R B8 TR S R
PR R SRR 0 R EKF R RBNRERRI B E O LAEIF AT
FE AR RS §AS MR A R A B o i E v §
RO FER P AL G R TE B ELR My T e BOE B ACEL R s ) 3R
kg o BRI ARG T TR g Sl 0 B 2-1-1e £ R ERKkER

it * e Y 2-1-2¢ if o
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2-3-2 F Gk Ap Bk kst

BRI P BRI N S R B B I A ALY Y R

¥ ke 0.LMNaCl kiai? & & s > L4 » 30405 RGBT Y LApRE X
FER o BIRmre B R g S L 13uW o

WA UUE A A RIRE G A T RTTELE XL R B Ay

PLA g IRA O B R4 R TR e B OTERIE o K RARTF R R Y o Ly

% 1

WY SRR LA RS RART > Er T Bk T MR LT
B gL pE g N IRLAKCSE R BT R B B F R T Y KA M R il o
FEOMBRRE Al > 6 T SR (1) 23 8EF (2 ¥Rk
Gkt o HBTIAPM Y MR (ML) €5+ > Q) HIFER e

o AR RE 10K EHFARET L 10 40 % 10 ST

PR R T R e o F 0t 10 S dRR Y IR S e M ik (RO

13+ 0.98 RIFER Zx cdy 0 ¥ b0 F 10 T dicdp eniR £ < 2t 10 % R R
L@ LR A SRR RIS EE 0 B PR TR IR L) 2 10 %o F
KRB BARE= B THRD T Wk

BUIRA R Y > APRIET FERGHEZ 2R ARG OpM (Il e) -

10pM ~ 20pM ~ 30pM ~ 40pM ~ 50 M ~ 60 pM -
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W
H
a
.ﬂ \w
a3
i
%
‘&
S
[-al
|+
g
. /\‘
ﬂ“\\
%3
[N
Pl
XY
?m
B
g
?&r
X
e

gvgmpéagjﬁ - ERE S < u% 1Ok B T gtk iﬁgq§%‘3“i}‘€ﬁiﬂ

»
Wi
=
=

fRiE F PRI e P fm e Wb BLEE G ORI AP RARE R
KPR E - Fh? NPEET I REFRERF RS (20 um ~ 30um)
g FA 0 BIRIE BRI B E BE AR

be r3E A VRRR{E > I TR E A D LA L=l > oW 3-1 (A)> 3
PR E KARET R A R g B0k B ORRELR D Mo B 1
Koo H¥FA B g 0 F AT A

1 ig TP R % 1 imrE RN TR & E3ka) > FIS 34 iiios
ek M G R SEpE 0 g i S R ARy e S (lipid) et e ee R ke R
R FN R TR R R > BREET G O T R o

2. PN LR AL E DRI > RFHT AL IR RTA

<

WA R A > DB R TR Z R B AT L AR
(fusion) @ 25 = B jS -] % BRE » 21l RIRCE T 6 0 T RO 0 e
® 3-1(D)-
3. B A Lhdhe A M R FERE A D B a A EPIR R D R
FAPEFAELE dhe 28 e (FPFF > PR L ERBB RSB AN
PRI

[

rS)ii’i"%%“éf‘c Bt 4 TR R BT E T B F

M T A2 B # T 2 E R TR RE T G R ]
R o

HO B iAo Ty [T § IR e iAo B BB R e

Mg hefl 3-1 (B) Rl g 4 e g 7 e R 48 4 Rk eni i
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00 R AR F R B Y B S ) e L i KR 3
iR R R (600 W EH A BRI IE e o i) o B
DR 5B M d ke s AR O Al SR T o AR & AR AL
4o 3-1 C) A PR Pl en % & Mally £ 4 & 2007 “TELRIF| I % 49 % £

ITHE 3L,
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>

20 pm

W 31 g s 40k iE® BRARTFRGR -
(A) #AE o LT s 20ume (B) T 6 + =4 » ML /=5 24um-

C) A L is: 24ume (D) X% | » B FLmgit=m s 20um

#givis 5 15ume
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TR e vrrsies S p N8 R LEPH R

AEP W R TP ARy AL R E AR X VPR - 6y AL 3
VLERE Jloz (5 3R k1A K 2T 08 T3 A B AT L e F

AR FER- FEREF LM SRR TN LR T HT RER

B WD S L AP o woB) 32 417 0 AU L4k B g
TN & £ (A) Bl A 4cs 3 i F B - B 3-2 (B)-(F) 5 0.02
HUM-0.5 UM 3£ 3 9225 chpf P BBl » A PP g 3 AMERT 0 TRRE

PRELE- 4 2 EFRMGTHP G X BFRHBenFA o ¥ b S

FUPEE L IR b M R fg o AP A Y L E R kRRG RIR
B b A enlii s @& gt b A g R R GRT O R R A A R

Frrkrme woen T B R T o ELH A3 (383 02K) Huk# T o FRE D
IR IR A RIS e @ﬁﬂf’ﬁgm“’%ﬁd fRRE 2 BB > NP

PR F BT o NPEERE - P IRy LR EETIF L RE R
P FEER T o AP RS B TR IRy kA £ E B RS
ApAEz BAg: AR R AER 2% EFEE (B 3-3(A) 4 (a) (b)
(C)) o A 474 FhrB] 3-3 #i7 :

1. + 2 3 B (rise height): % & 5 %% + D2k KBTS BT RE o
2. FHARERF (risetime) @ €& ZEF A FRATEF SPER o
3. & @R EE (rise interval): & 5 AP AR S RE M TR pE R £ o

A - BREML - BEE (event) BwEFUF = B SR RJE o 4
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H- B 5dkn 30 AR FREIVENERT M B THY LR R B gt

—\

T RETEngHE- - RO ¥ S EE R B (histogram) 2 A F B
% e

G145 5 b 4@ 3-3 (B)r £ st ~ B B F 3 s (Gaussian
multipeak fitting) > (Bl 3-3 (C))> ¥ # Rz sez- W~ # ek m 22 L 3 % (full-width
halfmaximum)e 2\ /3R 2 i F kR » B Fipk A 47 FEFLERT
R AL FREFF REURESFPEF LR ZE B, T OREL
R S lceheh 3 204 F 2 % > 4oB] 3-3 (D)o bi4e : (C) BIF @3 H - kA
TR BRMAFEEELFE APRT g (D) B 0 YL EF BT
e B h oo b AR B B R B SdcEs L RAPR a4 o & Bk
BT aREEERE (n) PR E FEIGIBOR AR E AR o

Bl 34 7 it F ik B chRg + A St KO R R T AR
PFEREEE (B37) FugR P AZROL T EE T RITNBEM G (B
PR A RE) BF T ANEFE B A B AL BESILNA T
Loy e AP R PE RN, A T T LR o ed BP T
FRBAY REFH . FWR P REL L 03 T RpAREKRY Y hiy
FRR LR od AP AFHRY EE A wEa Ty Al
LR A A R Sl R L S UORER ¥ T Bkl
AP FRE > T T € AL EMER A REREEL T .

Bl 35 87 it d i kB hRE P DA E o LR R R RS
WSS (B 3-8) FAERFVARIAE B 36 L7 REFEINERT RYE
BERFFEDAT SR B RAAT Y RIRE S FEE 39 BR Ao § S L
PRER A EREEF T B o § AR et d vk AR AR S g A
RRAL S § 2 AR S o d g A s A RIS Ty ALY PR S S gk LR

T34 B B pEAR R AR B OIR % o
Fo? AP AL e B R e FRY R ARRADEHFFRIR &F
SR TFRA T AR BB o ¥ KF MRS kT g
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14
1.2+
1.0+

0.8+

Intensity / V

0.4+

0.2+

0.6 P T e o

(A)

0.0
0

1.4

1000 1500 2000 2500 3000
Time/s

500

1.2+
1.0+
0.8+

0.6

Intensity / V

0.4+

0.2+

0.0

(©)

14

1000 1500 2000 2500 3000
Time/s

500

1.2+
1.04
0.8+

0.6

Intensity / V

0.4+

0.2+

(E)

0.0
0

500 1000 1500 2000 2500 3000 3500
Time /s

Intensity / V

Intensity / V

Intensity / V

14
1.2
1.0
0.8
0.6
0.4
0.2
0.0

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

(B)

1000 1500 2000 2500 30
Time /s

0 500

(D)

1000 1500 2000 2500 30
Time/s

0 500

(F)

600 800 1000

Time /s

0 200 400

Bl 32 2 PBIMRERTHERLRENLBREHTRTH -

(A) 0 M (control): (B) 0.02uM + (C) 0.05uM » (D) 0.1uM + (E) 0.2uM > (F) 0.5uM -

L B

b Y
e

20pum o
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(A)

Intensity / V

(b)

(c)

Time /s

1(C)

— Fitting peak 1
—— Fitting peak 2
Peak sum

B 33 2% 28z iy
AR -

(AR

o1 2

B BT T T R L 0 A 0 g

T APHRS

Rise height/V

R

(even) » # 4=

B AT SERE @

- B

B RAR G 3%

g s TR A

X

AR Yy LR 0

o

i
% E R -

B 5HT 3 F e

\\

er%j_‘

BRITLHFETAE

5~ P pER S B B EE o

PR LR R T S B AL R
Bo(B) A - BRERL - BEE
FIAH it E L g g o (D) bt R A

35

Rise height / V

g 33

B AR

55 R RHREEMIRERT A

B AR SR LA o (A) BHE B R

ERARZINEE

Melittin / pM

-

(@) =& 5 %%+ 2 iR

OpER L P A ER (b)) % EREE (C)

’z‘),L@‘] (C) _ﬂ jg_‘A)J.:_L_g: 3@

ST ES S R

Apodrz B



(A)

Number of occurance
N

=

w
oo

(B)

P NN
¢ D g

=
<@

Number of occurance

So o

(€)

[any
al

ol

Number of occurance
(SN
o

o

=
a1

(D)

=
o

ol

Number of occurance

o

[EEN
(63}

(E)

0 , , ;
0.00 0.04 0.08 0.12
Rise height / V

[EEN
o

o1

Number of occurance

W 34 2 Fid e kRenRE 2 3 B (rissheight) L3 @ -
(A) 0.02puM, n=65- (B) 0.05uM, n=198> (C) 0.1pM, n=196 (D) 0.2 UM, n=179>
(E) 0.5uM, n=192 -
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10 0

)

Number of occurance

Number of occurance
=N
. Q@ < ‘
1
I

550] |l (D)

g 20
£ 101
b4 0 F

(E)
s
» mﬂ
1 2 3

Rise time /s

=N
o O

Number of occ

o

B 35 2 FkiEF35 kR hRE AT (risetime) St -
(A) 0.02uM, n=65- (B) 0.05uM, n=198> (C) 0.1uM, n=196> (D) 0.2 uM, n=179>

(E) 0.5uM, n=192 -



(A)

[EEN

Number of occurance

i

w
o o

(B)

Tm Fmm om0
v T

©

§ 4
10
54

0 rﬂ—r\r\ . rﬂ’\r\' 0O

dhodl flogn [ o

e
= R NN
o 01 O U

Number of occuranc

w
QO o

ce
N
6]
]

o] ral

=N

[6) -]
—

Number of

(E)

° .
o
c 4
©
5
S
S 204
o
g
g 10
=]
=z
0 ﬂﬁmhm

0 80 100
Rlse mterval /s

B 36 % Fitd sark B chRE % & FEE (riseinterval) 33t o
(A) 0.02pM, n=53- (B) 0.05uM, n=188> (C) 0.1pM, n=189- (D) 0.2 uM, n=168
(E) 0.5uM, n=174 -
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0.08
0.07- {
0.06-
0.05- -
0.04-
0.03-
0.02-
0.014 1
0.00-...........

0.0 0.1 0.2 0.3 0.4 0.5 0.6

Melittin concentration / uM

Rise height / V

Wl 37 2R3N hRNREI A FRLZFIIELFTHRES S o
PABRANT LR ERTUBEM G (B RS RE) B TR AT
A I N 1 3 S AL PARE i ad S SR I AR 2 EAR AR Sl = R Ed

PRAHE LS HE L R e
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2.0

=
(6]
1

Rise time /s
=
<

o
ol
1

0.0
0.0 0.1 0.2 0.3 0.4 0.5

Melittin concentration / uM

W 38 2RI MINERNRE AT AR LFTJ|ERS o

WA RER IR Y RNEF 0 P AEFEFVARIARE o
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Rise interval / s

'10 ’ ] v ] v ] v ] v ) v
0.0 0.1 0.2 0.3 0.4 0.5 0.6
Melittin concentration / uM
Bl 39 # b3 ik RehREE BRI 35S AFIRER S o
FH A kR A B EREET T g - R Y ik vrkda koAx g

P FRBALALA AHs 6 4 AR S 0SB @ 4 dk R R A TRE L i g e

#gﬁwﬂk@@&ﬁ%ﬁ@ﬁm@o
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[Melittin] ~ Riseheight ~ FWHM

/ uM IV IV
0.017 0.008

0.02 65
0.037 0011

0.05 0.018 0.009 198

0.1 0.036 0.022 196

0.2 0.035 0.023 179
0.026 0.013

05 0.046 0.010 192
0.066 0.004

2 31 ARBINERA L3R FEBELS

[Mélittin] Risetime FWHM

my /s I's n
0.02 1.044 0.873 65
0.05 0.914 0.616 198
0.1 0.926 0.581 196
0.2 0.843 0.359 179
05 0.805 0.508 192

2 32 ARBENrERN AR SEFEL LS

[Mélittin] Riseinterval FWHM

I uM I's I's

0.02 19.688 5.633 53
0.05 6.286 11.174 188
0.1 9.439 11.656 189
0.2 12.574 12.499 168
05 5.369 6.457 174

£ 33 AFBENIERE EFIESEEL LS
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3-3 1% £ R EMACKBE S TSR 2T

ey Sk JL i 1t
ERERMcA D 1971 AR 215 %% A ree s A SR AR

WEF SRR FulEd SR e R -

- PREEOREY €% AR T L HRE F e £ 5
BRI Tk B (WA G ) AP M e IR * RS B 20-30pm ety FRY (E R
T Tk MR L AF R (XYT series scanyig’ ife o

Bl 3-10 (A) 247 783 005k 5 T @ 8 A (ks i 16 pm) =
FERPG o A NEP YL U= B 3-10 (B) » a5 % £
RAT R R BRI g o AP e ehE SRR g TR
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[Melittin]  Diffusion coefficient Number of

[ uM /10 m?s? sample Pvalue
0 5.53t0.49 6
10 3.4510.36 7 1.08¢10°
20 2.10t0.64 6 2.45¢10°
30 2.680.23 8 2.94¢10°
40 3.010.24 6 8.21x10°
50 2.570.17 7 7.14¢10°
60 3.04t0.28 8 3.27%10°

***: significantly different from the control, P < 0.001
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- R SR M B &
kA - R RE &
g B Wi
POPC 1-Palmitoyl-2-OleoydnGlycero-3-Phosphocholine | Avanti,
16:0/18:1(92) PC U.S.A.
CHCl; Chloroform J.T. Ber,
U.S.A.
DiD Lipophilic dye, Molecular
Sub-cellular localization: cell membranes and lipids, | Probes,
Abs/Emi: 648 nm/670 nm U.S.A.
MeOH Methanol J.T. Baker,
U.S.A.
Glucose | D-(+)-glucose, Sigma
>99.5% (GC) U.S.A.
NacCl Sodium chloride Sigma
>99.5% (titration) U.S.A.
CF 5(6)-carboxyfluorescein, Fluka,
Abs/Emi: 492 nm/517 nm U.S.A.
R6G Rhodmine 6G chloride Molecular
Abs/Emi:428 nm/551 nm Probes,
U.S.A.
Alexa633 | Abs/Emi: 632 nm/647 nm Molecular
Probes,
U.S.A.
Melittin | The main component of the honeybee venom, Bachem,
M;: 2846.50, Switzerland

Purity: > 97% by reverse phase HPLC
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